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方法 利用问卷形式收集 1106 例孕妇流行病学资料，以了解环境因素对妊娠
妇女妊娠结局的影响。采用气相色谱串联质谱（ gas chromatograph-mass 
spectrometer，GC-MS）技术测定 206 例孕妇外周静脉血、新生儿脐带血中 PAHs
含量；应用聚合酶链反应 - 限制性片段长度多态性（ polymerase chain 
reaction-restriction fragment length polymorphism, PCR-RFLP）技术分析 PAHs 代
谢酶基因细胞色素 P450 氧化酶 1A1（Cytochrome P450 monooxygenase 1A1，
CYP1A1）和谷胱甘肽-S-转移酶（glutathione-S-transferase，GST）的多态性；应






2、检测了孕妇静脉血与新生儿脐带血血清中 16 种 PAHs，共检出其中的 13





3、检测了新生儿血液中 EROD 和 GST 的活性，发现 GST 活性分别与芴
（Fluorene，Flu）、苯并(a)蒽[Benzo(a)anthracene，BaA]两种 PAH 的含量呈正相




















间无显著性差异。新生儿 GSTP1 三种基因型的所有 PAHs 组间均无显著性差异。 





















Objective  In order to investigate the effect of polycyclic aromatic 
hydrocarbons (PAHs) exposure on pregnancy outcomes, a questionnaire survey and 
the level of PAHs in serum of pregnant women and cord blood of newborn were 
analysis. To elucidate the mechanisms of PAHs exposure on pregnancy outcomes, the 
metabolic enzyme activity, gene polymorphism, and DNA damage were detected. 
Methods  Using a questionnaire survey to collect epidemiological data of 
pregnant women. We examined PAHs concentrations in maternal and newborn cord 
serum by using gas chromatograph-mass spectrometer (GC-MS); and examined 
metabolism enzyme gene polymorphism by polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP); and examined DNA damage by using 
LA-QPCR. 
Results 
1. The results of 1106 paired samples of maternal and child epidemiological data: 
the rate of adverse pregnancy outcomes is 9.41%, while 1.90% rate of preterm birth, 
1.45% rate of small-for-date, 2.80% rate of great children and 1.27% rate of 
intrauterine distressthe. 
2. Only 13 kinds could be detected [Indeno(1,2,3-cd)pyrene, Dibenz(a,h)anthracene, 
Benzo(g,h,i) perylene] were not detected] in the serum of maternal and neonatal 
umbilical cord blood (n=206). In addition to Chr, the remaining 12 PAHs in mothers 
and neonatal blood umbilical cord serum were correlated (P <0.05); cord blood levels 
of various PAHs were higher than the blood content of the mother (except  
Acenaphthene). There was significant difference between serum PAHs concentrations 
(except Chrysene, Benzo(a)pyrene) in adverse pregnancy outcomes and the normal 
pregnancy outcomes (P <0.05). 
3. We determinated the activity of EROD and GST in newborns blood. We found 
positive correlation between GST activity and 2 kinds of PAH concentrations 
(Fluorene and Benzo(a)anthracene, p<0.05), and also found a strong positive correlation 
between EROD activity and Acp concentration (r=0.25, P<0.001). 
4. We determinated metabolism enzyme gene polymorphism. Compared with 
wild-type (ile/ile), 4 kinds of PAH (Acenaphthylene, Fluorene, Anthracene and 















site were extremely significantly higher (P<0.001) while Acenaphthene was 
significantly lower (P<0.001). 
5. We determinated DNA damage in newborns. The results showed a positive 
correlation between DNA lesions and Acenaphthene concentrations (r=0.25, P<0.001). 
DNA lesions in adverse pregnancy outcomes was significantly higher than normal 
pregnancy outcomes (P<0.01), except the small-for-date outcome (P=0.053, in proximity to 
0.05). 
 


















不良妊娠结局（adverse pregnancy outcomes）包括低出生体重（low birth 
weight，LBW）、早产（preterm delivery）、宫内发育迟缓（intrauterine growth 
retardation ， IUGR）、出生缺陷（birth defects）、流产（abortion）和死产（stillbirth）
等（胡晓斌等，2008）。De Onis 等（1998）统计了全球范围内的 1995 年出生的
新生儿情况，发现约有 2 千万的新生儿属于低出生体重，发达国家的新生儿中有
16%是属于低出生体重。根据美国疾病控制中心出生缺陷监测资料（Dolk 等，




表 1 参加 WHO 合作研究国家的不良妊娠结局结果 
Tab.1 Pregnancy outcome among countries participating in World Health Organization 
collaborative study 
国家 低出生体重(%) 宫内窘迫(%) 早产(%) 婴儿死亡率 (%)
阿根廷 6.3 9.7 7.2 1.6 
中国 4.2 9.4 7.5 3.1 
哥伦比亚 16.1 17.8 15.7 1.9 
古巴 8.1 14.7 7.2 0.7 
冈比亚 12.1 13.5 13.5 9.1 
危地马拉 12.5 25.3 15.8 4.3 
印度 28.2 54.2 9.7 6.7 
印度尼西亚 10.5 19.8 18.5 3.3 
爱尔兰 5.6 6. 6.2 0.6 
马拉维 11.6 26.1 8.2 11.4 
缅甸 17.8 30.4 24.6 7.7 
尼泊尔 14.3 36.3 15.8 6.6 
斯里兰卡 18.4 34.0 14.0 1.7 
泰国 9.6 17.0 21.3 2.4 
英国 6.2 12.3 4.6 0.6 
美国/CDC(Black) 10.6 11.2 16.6 1.4 
美国/CDC(Hispanic) 4.8 5.8 10.2 0.6 
美国/CDC(White) 6.0 6.9 9.3 0.6 





































等，2000；Dejmek 等，2000；Perera 等，2005； Ghosh 等，2007；Ritz 等，2007）。
环境污染主要包括以下几点： 




















SO2 暴露浓度的增加，发生低出生体重的危险增加，OR= 1.33( 95%Cl: 
1.04~1.78)。 
2. 重金属（铅、镉等） 
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